The temperature of dependence of electric conductance of polar liquid dielectrics by Horváth, L.
THE TEMPERATURE DEPENDENCE OF ELECTRIC 
CONDUCTANCE OF POLAR LIQUID DIELECTRICS 
By 
L. HORVÄTH 
Technical High School, Subotica, Yugoslavia 
(Received November 20, 1983) 
Continuous measurements were performed for conductivity and permittivity of some polar 
liquid dielectrics in the wide temperature range from the melting to the critical point in a closed mea-
suring cell under saturated vapor pressure of their own. The measurements were made on methyl 
alcohol, ethyl alcohol, acetone and sulphur dioxide at a frequency of 1591.5 Hzv 
Introduction 
The electric conductance of pure liquid polar dielectrics, which arises from auto-
dissociation of their molecules, depends to a great extent on temperature, due to its 
influence on the number of ions, their mobility and some physical characteristics of 
liquids. The electric conductance of sufficiently purified polar liquid dielectrics 
whose dielectric constant is relatively high, can be considered as a characteristic 
constant liquids. The electric conductance of sufficiently purified polar liquid 
dielectrics whose dielectric constant is relatively high, can be considered as a 
characteristic constant of the substance. 
In this work electric conductance measurement has been carried out from the 
melting temperature to the critical temperature, i.e. in the temperature interval in 
which the liquids can exist under saturated vapor pressure. The measurements were 
carried out on methyl alcohol, ethyl alcohol, acetone and sulphur dioxide. Data on 
electric conductivity of these substances can be found in the literature by various 
authors [1—9], but they dealt with particular temperatures or temperature ranges 
only and the purity of used substances, for the most of these measurements, can be 
questioned. We want to make perfectly clear the importance of the possibility of 
simultaneously measuring the conductivity and permittivity and we think that a 
continuous measurement of these data will give us more reliable values than separate 
measurements. 
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Experimental technique 
V 
The conductivity and permittivity were measured by means of a bridge method. 
The capacity and the conductance of the condenser were measured with a Wayne— 
Kerr B 331 Mk II Autobalance Precision Bridge, at the frequency 1591.5 Hz 
(co = 1041/s). 
The measurement range of the bridge for capacity is from 100 aF to 1 F and for 
conductivity from 1 pS to 10 kS. The bridge error was 0.01%. The bridge enables 
simultaneous measurement of resistance as well as capacity. 
For the continuous regulation of temperature in the interval of — 80 °C 
—+ 180°C the "Materialpriifkammer" type VMT II from Votsch was used. The 
temperature above 180°C was achieved in an oil bath, while under — 80 °C in a dish 
recooled by liquid oxygen. The temperature measurement 
^ was carried out by means of a copper-constantan thermo-
couple. The error in temperature determination was 
estimated at 0.1 °C [10, 11]. 
The. measuring cell used in the experiment, made of 
Pyrex glass, is presented in Fig. 1. The cell was at part 
A connected to the reservoir filled with the purfied sub-
stance, while at part B it was connected to the recipient 
which could be evacuated. The investigated substance was 
introduced into the cell in gaseous state, where it was 
transformed into liquid state by intensive recooling. The 
cell was filled to the volume, which corresponds to the 
critical volume of the investigated substance. After filling 
the cell was melted with flame and closed at the indicated 
line and separated from its upper part, while the lower 
part was cooled and protected by an asbestos card-board. 
The cell was calibrated by the method which is recom-
mended in the literature [12, 13]. Each cell was examined 
before measurement in the temperature interval in which 
it was used, with air as dielectric. The change of cell 
capacity, obtained by this measurement, enabled a cer-
tain error correction which appears due to thermic defor-
mation. 
To obtain pure methyl alcohol, ethyl alcohol and acetone the deionisation met-
hod and the fractional vacuum distillation were used. This way a substance of very 
low conductivity was obtained [14,15]. Sulphur dioxide 4*as obtained and purified 
by the method recommended in the literature [16]. Before measurement in the cell 
five fractional vacuum distillations were carried out, using the middle fraction only 
till constant conductivity was achieved. 
Fig. 1. The measuring celt 
Result 
The measured conductivity values as a function of temperature are given in 
Table I and Fig. 2. Table I contains the average of three measurements. The 
error was at about 5 % at low and high temperatures, room temperature it was under 
2%. 
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The permittivity vs. temperature curves can be fitted with the following third 
order power laws: 
for methyl alcohol e ( T )= 1.99 • 102 —1.17T+2.79 • 10~3r2-2.45 • 10- 6 r 3 
for ethyl alcohol efT) = 1.34 • 102-7.08 • l O " 1 ^ 1.50 • 10-3T2-1.19 • 10- 6 r 3 
for acetone e ( r ) = 58.3-1.40 • 10-17 ,+ 5.39 • 10-5J2 + 9.42 • 10- 8 r 3 
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Fig. 2. Conductivity of methyl alcohol, ethyl alcohol, acetone 
and sulphur dioxide as a function of temperature 
The conductivity maximum appears for methyl alcohol at about 195 °C, for 
ethyl alcohol at about 190 °C, for acetone at about 162 °C, and for sulphur dioxide at 
about 93 °C. The maxima are in the same areas, if they are expressed by the reduced 
temperature Tr=T/Tc, where Tr is a reduced temperature, and Tc is the critical 
temperature. The reduced temperature of the maximum for methyl alcohol is 0.91, 
for ethyl alcohol 0.90, for acetone 0.85 and for sulphur dioxide 0.85. The transition 
into gaseous state is not followed by a jump either in electric conductivity or permit-
tivity. 
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Table 1 
Conductivity of methyl alcohol, ethyl alcohol, acetone and sulphur dioxide as 
a function of temperature 
t°C 
Methyl alcohol Ethyl alcohol Acetone Sulphur dioxide 
x- 1 0 - 1 i 2 l ~ c m - 1 x- 1 0 - l o f l - 1 c m - 1 x - K r " « - 1 ^ - 1 x* 1 0 - 1 i 2 - 1 c m ~ l 
- 1 1 0 0.11 
- 1 0 0 — 0.14 — — 
- 9 0 0.057 — 1.30 — 
- 8 0 0.068 0.24 1.72 — 
- 7 0 — — — 0.13 
- 6 0 0.11 0.42 2.54 0.19 
- 4 0 0.18 0.77 3.19 0.49 
- 2 0 0.29 1.31 5.22 0.99 
0 0.51 2.21 7.35 1.87 
20 1.12 3.87 11.2 2.90 
40 2.25 6.87 15.3 4.82 
60 5.01 11.3 21.1 7.60 
80 8.63 18.6 29.2 9.08 
100 15.2 31.1 39.1 8.82 
120 22.1 47.2 49.8 7.63 
130 — — — 5.09 
140 27.7 67.4 55.1 3.80 
150 — — — 2.94 
160 30.2 81.0 56.8 2.54 
180 30.9 85.3 54.9 — 
200 31.0 84.1 48.2 — 
210 — — 37.3 — 
220 28.7 58.8 19.3 — 
230 21.8 46.7 15.1 — 
240 18.1 35.4 — — 
Discussion 
In the result analysis we have started form the liquid model which supposes 
a molecule arrangement on the short distances. In such a liquid due to the action of 
dipoles strong local fields appear and in the potential field'of this type the movement 
of dipoles and of ions formed by autodissociations was quite limited. Started from 
this model [17—21], the quantitative expression for conductivity can be found, 
c0Z2e2Al2v / U0\ 
6 kT e x p { - * r l ' ( 1 ) 
where y. is the conductivity, ca — the concentration of ions, e — the elementary charge, 
Al — the medium distance value between two next free places for the movement of 
ions, v — the medium frequency value of a breaking out attempt of a potential bar-
rier, A: — Boltzmann constant, Ua — the activation energy of process, and T— the 
thermodynamic temperature. 
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For the smaller temperature interval, neglecting the change of the preexponential 
terms in relation to the exponential term, we obtain 
x = A exp (2) 
This equation has often been proposed as an expression describing the temperature 
dependence of the conductivity. Using the experimental data we tried to bring the 
physical values in equation (1) to a qualitative connection with the values which we 
measured. The average ion speed, approximately equal to the average molecule speed, 
can be expressed as 
where At is the time travelling of distance Al. Substituting l/At with the frequency of 
jump attempt of the potential barrier, we have 
v = vAl respectively vAl = vAi2 (4) 
With decreasing density the number of free spaces increases reducing there by the 
distance between next free spaces, while the average speed is proportional to the root 
of thermodynamic temperature: 
vA'l2 = ey¥ (5) 
The ion concentration is proportional to the concentration of the nondissociated 
molecules, i.e. to the density and to the dissociation degree. In the first approximation 
it can be assumed that dissociation degree will be proportional to the permittivity 
as a factor determining the Coulomb interaction force. The change of thermal energy 
will influence the degree of dissociation as a direct cause of dissociation, while the 
energy is proportional to the thermodynamic temperature. The ion concentration 
could be connected to the values in the simplest from : 
N N • 
c° = Mea=Me£T (6) 
Eq. (1) can consequently be expressed as 
~ '«/J _ Z
2e2NpsTQ^T /Cot 
* ~ 6kTM 
or in more condensed form 
x=Keô2fTex (8) 
58 L. HORVÁTH 
The constant K contains the physical quantities which do not change with temperature 
and proportionality factoi s. Using the permittivity data in the whole temperature inter-
val and the available data on density from the temperature interval and the available 
data on density from the literature [22—27], the calculated results were presented 
according to Eq. (8). The reproducibility of the course of the experimental curve can 
be satisfactory, taking into consideration the semi-quantitative character of 
Eq. (8). The application of Eq. (8) for the determination of the conductivity of water, 
for which we have the experimental data [27—30] on conductivity, density and per-
mittivity, gave us similar results. Eq. (8) predicts the maximum of conductivity of 
water on the temperature cca. 270 °C, what is an agreement with some experimental 
data and with the course of experimental curve. The reduced temperature of the 
maximum of water is 0.84, expressed according to the Eq. (8). 
Conclusions 
The experimental results show that the conductivity of the investigated subs-
tances as a function of temperature goes through a maximum. Observations point out 
that this is a general feature of all polar liquid dielectrics. We consider that the cause 
of the decreasing conductivity is the declining number of ions at higher temperatures 
and the suddenly declining density approaching the critical temperature. The thermal 
energy as a direct cause of dissociation increases more slowly than the above mentio-
ned factors decrease in this temperature interval causing a maximum in x=f(t). 
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ТЕМПЕРАТУРНАЯ ЗАВИСИМОСТЬ ЭЛЕКТРИЧЕСКОЙ ПРОВОДИМОСТИ 
ЖИДКИХ ПОЛЯРНЫХ ДИЭЛЕКТРИКОВ 
Л. Хорват 
Проведены непрерывные измерения проводимости и диэлектрической проницаемости 
некоторых жидких полярных диэлектриков, в широком температурном интервале от точки 
плавления до критической точки, в закрытой измерительной ячейке при давлении насыщен-
ных паров. Измерения проводились метиловым и этиловым спиртами, ацетоном и двуокисью 
серы при частоте 1591,1 Гц. 
